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Abstract. We show the properties of the Bright Central Galaxy (BCG) formed in the
center of a Virgo–like cluster simulated using the AMR code RAMSES. We compared
2 models, with and without AGN feedback, showing that only the former can repro-
duce global properties of BCGs. It is possible to reproduce the stellar mass, the effec-
tive radius and the velocity dispersion of early-type galaxies in the field or in groups
without considering AGN feedback, but the same properties of early-type galaxies in
cluster sized halos are impossible to reproduce without AGN feedback. The strongest
constraint comes from abundance matching, for which the stellar-to-halo mass ratio in
simulations without AGN feedback appears too large when compared to observations.
The kinematical and structural properties of the BCG are different in the two models.
Without AGN feedback, we obtain a quickly rotating BCG, with high Se´rsic index,
a clear mass excess in the center and a very large stellar mass fraction. With AGN
feedback, we obtain a slowly rotating BCG, with a significantly cored surface density
profile and low stellar mass fraction.
1. Cosmological hydrodynamical simulations of cluster galaxies
We use the AMR code RAMSES (Teyssier 2002) to perform two hydrodynamical cos-
mological simulations of a Virgo-like cluster of galaxies with a virial mass of Mvir =
1014 M and that form within aΛCDM cosmology. The mass resolution is 8.2×106 M
and the spatial resolution is ∼500 pc. We model gas dynamics and standard galaxy for-
mation physics, including gas cooling, star formation and supernovae feedback. In one
of the runs we neglect the effect of AGN feedback. In the other run we include AGN
feedback using a modified version of the Booth & Schaye (2009) model. We study the
effect of AGN feedback on the properties of the Brightest Cluster Galaxy (BCG).
1.1. Results
We analyse the masses, effective radii and mean velocity dispersions within the effective
radius of the BCGs in our models. A comparison is made with the simulations of Naab
et al. (2009) and Feldmann et al. (2010) which reproduce some of the observed prop-
erties of field elliptical galaxies and central galaxies in groups without AGN feedback.
We also compare our model to a sample of elliptical galaxies at 0.04 < z < 0.08 (van
der Wel et al. 2008) and to four BCGs at 0.07 < z < 0.09 (Brough et al. 2011). Our
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Figure 1. Left panel: Comparison of the stellar-vs-halo mass relation in 4 early-
type galaxies from different cosmological simulations (filled and empty black dots).
The dotted line is the relation expected for a 20% star formation efficiency from
the universal baryon fraction. The solid black line is the prediction from abundance
matching (Moster et al. 2010). The grey shaded areas represent the 1σ, 2σ and 3σ
scatter bars around the average relation. Center and right panels: mass-size (center)
and velocity-size (right) relation of early-type galaxies at redshift z = 0 from Sloan
data (van der Wel et al. 2008), compared to four early-type galaxies from different
cosmological simulations. The black dotted lines are contours of the number of
early-type galaxies per bin in the 0.04 < z < 0.08 sample; going from outside-in we
show contours for 5, 10, 30, 100, 200, 300, 400, 500, 600 galaxies per bin. Each bin
has a size ∆ log(Mstar) = ∆ log(Reff) = ∆ log(σeff) = 0.1. The four BCGs analysed
by Brough et al. (2011) are also shown as black filled squares.
results are summarized in Figure 1. Further results concerning our BCG simulations
can be found in Martizzi et al. (2011).
References
Booth, C. M., & Schaye, J. 2009, Monthly Notices of the Royal Astronomical Society, 398, 53
Brough, S., Tran, K., Sharp, R. G., von der Linden, A., & Couch, W. J. 2011, ArXiv e-prints.
1104.1239
Feldmann, R., Carollo, C. M., Mayer, L., Renzini, A., Lake, G., Quinn, T., Stinson, G. S., &
Yepes, G. 2010, The Astrophysical Journal, 709, 218
Martizzi, D., Teyssier, R., & Moore, B. 2011, ArXiv e-prints. 1106.5371
Moster, B. P., Somerville, R. S., Maulbetsch, C., van den Bosch, F. C., Maccio`, A. V., Naab, T.,
& Oser, L. 2010, The Astrophysical Journal, 710, 903
Naab, T., Johansson, P. H., & Ostriker, J. P. 2009, The Astrophysical Journal Letters, 699, L178.
Accepted to ApJ Letters
Teyssier, R. 2002, Astronomy and Astrophysics, 385, 337
van der Wel, A., Holden, B. P., Zirm, A. W., Franx, M., Rettura, A., Illingworth, G. D., & Ford,
H. C. 2008, ApJ , 688, 48. 0808.0077
